Questions concerning the relationship between public capital spending and economic growth under different institutional environments are of great analytical and empirical interest. This paper investigates the role of institutional quality in the public investment-growth relationship for a balanced panel data of 52 provinces in Vietnam during the period 2005-2014 through the estimation method of difference panel GMM Arellano-Bond. The results show twofold. First, public investment and institutional quality significantly promote economic growth, but their interaction term impedes it. Second, the public investment-growth relationship is positive under good institutional environment and negative under poor one. These findings suggest some important policy implications related to public capital spending in developing countries.
Introduction
Most of governments worldwide increasingly invest in infrastructure, education, and health through public investment projects to actively foster economic growth, create more employments, and stabilize social security. Thus, public investment is not only an instrument of fiscal policy that helps governments run the economy but also one of crucial factors contributing to economic growth.
However, public capital spending may be detrimental to economic development, which originates from two main causes: 1) public capital spending reduces private investment due to crowding-out effect, and 2) inefficient public investment projects do not bring the expected benefits to people, and lower the productivity Given the relevance of this topic, there is a deeply consensus among economists and politicians that public capital spending in infrastructure is a crucial factor of a competitive location policy. Infrastructure may lower fixed costs, attracting enterprises and factors of production and, thereby, raising production
[1] [2] . Indeed, public investment can stimulate private investment by providing infrastructure for economic activities. Thus, it leads to raise the productivity of capital and promotes economic growth. However public investment can crowd out private investment. It occurs when additional public investment capital is financed by high future taxes and high interest rates, or public sector produces goods that directly compete with private goods. Moreover, the utilization of physical capital and financial resources of public sector, which is conventionally a priority access for private sector, may reduce the investment capital of private sector [3] . The crowding-out impact may occur when the distortion of public sector is too large. To finance for increasing public investment, the government needs more physical capital, which leads to high interest rates; thus, it reduces private sector's ability to access the capital markets. As a result, economic growth goes down due to the decline in private sector's investment.
However, the effect of public investment on economic growth may be conditional on institutional quality, for example the control of corruption, in the country. [4] have developed a theoretical growth model to show the influence of corruption on the relationship between public investment and economic growth.
In this model, public officials are responsible for procuring public goods and equipment that are used as productive inputs in the production. Due to the information asymmetry between the government and public officials, public officials may deceitfully make a report of high-quality high-cost procurement, while supplying low-quality low-cost products. So, corruption inflates the level of capital on public investment projects, but reduces the returns to that capital; in this case because either they go nowhere or they are of low quality. Both channels may lead to reduce economic growth.
Meanwhile, [5] argue that corruption may distort the whole decision-making process associated with the government investment budget. The "white elephants" and "cathedrals in the desert" phenomena in public investment projects are produced. Some projects are accomplished but in reality never used. Some are larger and more complex than necessary whereas their quality is so low that they need to be repaired before exploiting. Noticeably, their output capacity is much below initial expectations. In these situations, public capital spending becomes much less productive and its contribution to economic growth is much less than generally believed. Conversely, under a good institutional environment the public sector may undertake low profit, large capital projects which the private sector refuses and leave other projects which the private sector can do better. In addition, public investment projects are strictly supervised and monitored by both the government and people to ensure the efficiency and transparency. Therefore, under the good institutional environment, public investment can crowd-in private investment and improve the productivity of public capital spending, which lead to boost economic growth. In Vietnam, public capital spending is a primary derivative of infrastructure development for the economy. During the transition process to a market-oriented economy, the Vietnam government continuously implements the expansionary fiscal policy by increasing public capital spending with expectation that public investment has positive effects on economic activities, enhances the productivity of the economy, and stimulates investment capital from private sector. However, the level of public investment capital of the Vietnam government often fluctuates, which strongly depends on the situation of the economy. In the case of economic recession and high unemployment, the level of public investment capital increases very high; but it will be cut down immediately if the economy grows rapidly with high inflation. In recent years, by perceiving the comments and ideas of economic experts and economists, the Vietnam government regularly reforms policies and improves the institutional environment to make sure the public capital spending is more efficient and transparent. Consequently, it enhances the participation of private sector in the key projects of the State such as highway building projects, public private partnership (PPP) projects in infrastructure sector and healthcare...
Motivated by the fact Vietnam is an economy with a relatively high level of public investment that can have a significant impact on growth, we shed a new light on the importance of taking institutional quality into account for the understanding of public investment-growth relationship in Vietnam. Most of the related literature on public investment has either examined the relationship between public investment and economic growth [6] [7] [8] or the relationship between institutions and public investment [9] [10] . So far, there are just a few investigations on the role of institutions in the public investment-growth relationship [4] [11] . In particular, no existing papers estimate the public investmentgrowth relationship under different institutional environments. To investigate the importance of institutional quality in the public investment-growth relationship in Vietnam, we first use the two step difference GMM Arellano-Bond estimator (two step D-GMM) to estimate the effects of public investment, institutional quality and their interaction term on economic growth for a balanced panel data of 52 provinces over the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Then, we examine the public investment-growth relationship under different institutional environments (good and poor institutional environment). In particular, the robustness of the estimation will be checked by the one step difference GMM Arellano-Bond estimator (one step D-GMM). The remainder of this paper will be proceeded as follows: Section 2 outlines a literature review about the effect of public investment on economic growth. Section 3 develops an analytical framework to form the empirical equations. Section 4 describes the model specification and data. Section 5 presents the results and discussion, and final section is the conclusion and policy implications.
Literature Review
Public capital plays a crucial role in economic development because it contributes to improving infrastructure and enhancing accumulation of human capital. [12] show public capital investment has a significantly positive net impact on national product in Pakistan over the period 1964-1997 by using OLS estimation. Meanwhile, [13] argue that public capital is a critical input of production and positively promotes economic activities of private sector while the way public sector being financed can be detrimental to this sector's development. Indeed, by employing VAR model for quarterly time series data of six developed countries, [13] approve public investment is a source of endogenous growth. Similarly, [14] use the extension Solow-Swan growth model developed by Mankiw, Romer and Weil for 74 countries and find the effect of public investment on economic growth is no significant for the steady state model while it is significantly positive for the transition model.In the same vein, by using 3SLS estimation and time series data during 1981-2003, [15] show a sustained increase in public capital spending in infrastructure in India, financed by commercial banks, positively affects economic growth. More recently, [8] employ ADL estimations proposed by Krolzig-Hendry-Doornik to investigate the effect of public investment on Portuguese economic growth over the period 1960-2013. The estimated results show public investment has a significantly positive effect on economic growth.
However, government decisions on the distribution of public capital among regions are of great political concern among policymakers [16] . [17] suggest scarce public sources should be used for contribution to new human capital (via education) and the maintenance of existing human capital (through healthcare). Using the seemingly unrelated (SUR) procedure for nine major Latin American countries during the period 1983-1993, [17] show public investment spending positively contributes to economic growth. [16] , who employs fixed effects estimation for a panel data of 47 prefectures in Japan during the period 1955-2000, concludes public investment is a policy tool for adjusting income distribution and boosting economic growth in regions. In addition, policies of fiscal adjustment towards decreasing government investment may reduce aggregate investment, negatively affect economic growth and even impede the adjustment in the future [18] . The paper by [18] which uses VECM model for seven highly indebted low-income countries over the period 1970-1999 finds a significantly positive relation between public investment and output in these countries.
In addition, some models are developed to examine the effect of public capital spending on economic growth. 
Analytical Framework
Supposing the economy has two major inputs including domestic capital stock (public and private investment capital) and working force. The analytical framework starts with the traditional aggregate production function Cobb-Douglas as follows:
where Y is real gross domestic product (GDP); G and P are public investment capital and private investment capital respectively; L is the number of workers employed; A is the total factor productivity (TFP); α, β, and 1 -α -β are the production elasticities.
We transfer Equation (1) 
We write Equation (2) in growth form with a time series specification:
According to the theory of endogenous growth [19] [20], the total factor productivity, capital stock and working force are endogenous variables. For convenience Equation (3) is rewritten as follows:
Where GINV, PINV, and LABO are public investment, private investment, and labor force respectively. Public investment has a positive impact on economic growth because it contributes to improving infrastructure and enhancing accumulation of human capital. [21] confirm that the government plays a crucial role in accumulation of human capital by public spending in education. Thus, public investment affects the long-run economic growth.
There are many factors which have impacts on the total factor productivity (TFP). In this study, the determinants of TFP are determined as follows:
where INS, GEXP, OPEN, CPI, TELE are institutional quality, recurrent expenditure, trade openness, consumer price index, and infrastructure development, respectively. Institutional quality has positive impacts on economic growth [22] [23] [24] . [25] analyse and develop a theoretical framework to clearly define the role of institutions in economic growth and outcomes in countries. Meanwhile, the composition of recurrent expenditure is diversified, including expenses for administration and costs of operations and maintenance for education, science, and technology. [26] argue in the growth theory that education, science, technology, environment, and healthcare are important factors for the economic prosperity in future. In the same vein, the theory of endogenous growth indicates the improved activities of imports and exports have a positive impact on economic growth [19] [20] . The trade liberalization leads to highly absorb technological progress and exchange more imported goods and services between countries and so promotes the economic growth [27] [28] . In parallel, the consumer price index has important effects on growth [29] . Its impact on economic growth may be positive or negative. The positive impact comes from potential benefits of this index in improving the saving and investment while the negative impact is detrimental to the economy because it increases the transaction costs of economic activities [30] . Finally, the infrastructure development can be measured in some different ways such as the length of high way per square kilometer [31] , the length of railway [32] or the fixed telephone subscriptions per 100 people [33] . It is proxy for development of infrastructure which has an influence on economic growth in a country [34] .
We substitute Equation (5) into Equation (4): 
where
Model Specification and Data

Model Specification
Based on the analytic framework, the empirical equation is as follows:
where subscript i and t are the province and time index, respectively. Y it is natural logarithm of real GDP per capita in a province, Y it−1 is proxy for initial level of per capita income, GINV it is public investment, and PCI it is the provincial competitiveness index, proxy for institutional quality in Vietnam. X it is a set of control variables (private investment, recurrent expenditure, labor force, trade openness, infrastructure, and consumer price index); η i is an unobserved timeinvariant, province-specific effect and ζ it is an observation-specific error term. The coefficient β 1 in Equation (8) For Equation (9), we use the general method of moments (GMM) Arellano-Bond estimators [37] first proposed by [38] . Equation (9) is a dynamic model, so we take the first difference to remove province-specific effects. Then, the regressors in first difference are used as instrumented by their lags under the assumption that time-varying disturbances in the original models are not serially correlated [39] . This strategy is D-GMM, which is well-known to be able to deal with simultaneity biases in regressions.
Equation (9) can be transformed into an equation in first difference as follows: small samples, as in our study, has some problems [40] . These problems are set up by the proliferation of instruments, which quadratically increase as the time dimension increases. It can cause the number of instruments to be very large relative to the number of provinces. To avoid it, the rule of thumb should be applied to maintain the number of instruments less than or equal to the number of panel units [40] . (1) is ignored while the second autocorrelation of errors, AR
(2), is tested on the first difference series of errors to detect the phenomenon of first autocorrelation of errors, AR (1).
To examine the public investment-growth relationship under different institutional environment (good/poor), we determine a boundary value of institutional quality (γ) and follow the empirical equations:
( )
In Equation (11) and Equation (12) γ is the bound value of PCI (threshold value), and d(.) presents the indicator function, taking 1 or 0 upon the value of PCI. The PCI index is constructed in a three-step sequence, referred to as 'the 3
Cs' [41] : 1) collect business survey data and published data sources, 2) calculate ten sub-indices and standardize to a 10-point scale, and 3) calibrate the composite PCI as the weighted mean of ten sub-indices with a maximum score of 100 points. Based on the composite PCI points, the institutional quality is categorized into 5 kinds: excellence (PCI ≥ 62 points), high (60 -62), mid-high (57 -62), mid-low (56 -57), low (53.5 -56) and very low (PCI < 53.5). In this paper excellence, high and mid-high are coded into good institutions (PCI ≥ 57) while mid-low, low and very low are coded into poor institutions (PCI < 57). Thus, the boundary value of PCI is γ = 57 points. This boundary value divides whole observations of the research sample into the group of good institutional environment with PCI greater than or equal 57 points and the group of poor one with PCI less than 57 points.
Data
Cross The matrix of correlation coefficients between variables is given in Table 2 .
All correlation coefficients between independent variables and dependent variable are statistically significant at least 5%. Institutional quality, trade openness, and infrastructure are positively correlated with economic growth whilst public investment, private investment, recurrent expenditure, labor force, and consumer price index are negatively associated with it. In addition, the value of all correlation coefficients between independent variables is lower than 0.8, which helps to eliminate the possibility of co-linearity between these variables.
Empirical Results and Discussion
The Two Step D-GMM Estimates
The estimated results derived from the two step D-GMM are shown in Table 3 . Note: ***, ** and *denote significance at 1%, 5% and 10% respectively; Source: State software. Variables model. The results show sign, size and significance of estimated coefficients, specially the coefficients of public investment, institutional quality and their interaction term are nearly unchanged. In particular, the signs of estimated coefficients, which show the effects of public investment and labor force on economic growth, are opposite to those of correlation coefficients given in Table 2 . It implies that there exists an endogenous phenomenon between the regress and and regressors. Therefore, D-GMM with instrumental variables seems to be appropriate for this empirical model. In the estimation procedure, we detect trade openness is endogenous, so we use the lags of trade openness as instrumented and the remaining variables (economic growth, public investment, institutional quality, private investment, recurrent expenditure, labor force, infrastructure, and consumer price index) as instruments. In order to assess the validity of these instruments and the serial auto-correlation of residuals, we performs the Sargan and Hansen tests (test of over-identifying restrictions with the null hypothesis "the instruments as a group are exogenous") as well as the Arellano-Bond test for serial correlation AR (2), which is applied to the difference residuals to purge the unobserved and perfectly auto-correlated. In Table 3 the Hansen and Sargan tests for over-identifying restrictions indicate that the instrument set turns out valid. The Arellano-Bond AR (2) tests accept the hypothesis of no autocorrelation of the second order. These results support our model specification.
The estimated results presented in the Table 3 show that: 1) the first lag of growth correlates significantly and negatively with GDP growth rate, confirming the conditional convergence of per capita income among provinces in the long term [35] Thus, in Vietnam public investment positively contributes to economic growth through providing infrastructure for economic activities and enhances accumulation of human capital through education and health.
Similarly, institutional quality improves economic growth. [23] [47]- [53] confirm that the hypothesis institutional quality significantly and positively contributes to economic growth. [54] show institutions are fundamental causes of long-term growth. Noticeably, [54] argue that differences in institutional quality among countries lead to cross-country differences in per capita income and in level of development.
Contrary to public investment and institutional quality, their interaction term impedes economic growth. Indeed, in Vietnam some public investment projects have poor quality and do not meet people's demand. To reduce such projects, the Vietnam government continuously improves institutional quality to ensure the supervision of people and the effectiveness of public investment projects. It also means limiting corruption or improving institutional quality in public investment projects. [4] [9] [55] provide empirical evidence to show a decrease in corruption or an improvement in public governance may reduce public investment. As a result, the interaction term between institutional quality and public investment may have a significantly negative contribution to economic growth.
The public recurrent expenditure, a nonproductive expenditure, is basically local government spending on administration such as wages, salaries, interest on loans, maintenance cost… which does not result in the creation or acquisition of fixed assets. [56] indicate the negative but insignificant impact of recurrent expenditure on economic growth. Thus, in this paper its impact on economic growth is significantly negative.
In the economic growth models, labor force is one of two major inputs to promote the output. It is also an endogenous variable. [57] [58] empirically demonstrate labor force has a positive impact on growth. Meanwhile, [30] argue that consumer price index (proxy for inflation) is detrimental to the economy because it increases the transaction costs of economic activities. This study supports this argument. [59] [60] previously confirm the negative impact of inflation on economic growth. Table 4 reports the estimates of the public investment-growth relationship under different institutional environments. The effects of control variables such as labor force and consumer price index on economic growth are highly consistent with those in Table 3 . However, there is a difference in the effect of public investment on economic growth between good and poor institutional environment. This relationship is positive under good institutional environment and negative under poor one. It implies that under bad institutional environment, public capital spending may be detrimental to the economy because the design of policies does not take account of crowding-out effect of public sector on private sector as well as can not strictly monitor and supervise the efficiency and rationality of public investment projects. On the contrary, under good institutional environment, the design and promulgation process of policies related to public capital spending eliminates the crowding-out impact of public investment (instead improving the crowding-in of public investment), builds the criteria and rules to make sure the efficiency and rationality of public investment projects, and sets up the mechanisms to effectively monitor and supervise these projects. Thus, public capital spending promotes economic growth. In short, the institutional quality plays a crucial role in the public investmentgrowth relationship. In particular, the interaction term between public invest- quality at which the public investment-growth relationship will change (In this study, the threshold value of institutional quality is γ = 57 points). This threshold value divides the institutional environment into good one and poor one.
In case the poor institutional environment is prominent, as the case of Vietnam in our study, an increase in institutional quality do not improve the efficiency of public investment projects, and consequently impedes economic growth.
Robustness Check
To check the robustness of the estimation, we re-estimate Equation (8), Equation (11), and Equation (12) using the one step D-GMM. The corresponding results are reported in Table 3 and Table 4 . Consistent with the two step D-GMM estimates, we find public investment and institutional quality promote economic growth, but their interaction term reduces it (Table 3) . Similarly, the public investment-growth relationship is positive under good institutional environment and negative under poor one (Table 4) . These findings are confirmed by battery of diagnostic tests shown at the bottom of Table 3 and Table 4 (Sargan and Arellano-Bond AR (2) tests), indicating that our one step D-GMM estimates are largely reliable.
Conclusions and Policy Implications
As an emerging economy with a relatively high level of public investment, Vietnam is trying to reform the institutional environment and policies to enhance economic growth. Does the institutional environment affect the public investment-growth relationship in Vietnam? We find the answer by using the two-step D-GMM for a balanced panel data of 52 provinces during the period 2005-2014.
Then, we examine the public investment-growth relationship under different institutional environments. The contribution of the paper is to test whether the public investment-growth relationship depends on the quality of institutional environment. Therefore, the empirical results not only contribute to our understanding of the role of institutional quality in the public investment-growth relationship, but also suggest some important policy implications to the governments in developing countries, especially the Vietnam government.
In line with previous literature, our study indicates public investment and institutional quality boost economic growth, but their interaction term impedes growth rate. In particular, the empirical results confirm the dependence of the public investment-growth relationship on the quality of institutional environment. This relationship is positive under the good institutional environment and negative under poor one. From these findings, we emphasize that any research on the public investment-growth relationship in Vietnam without taking the role of institutional environment into account is likely to be a shortcoming. The findings provide a case for more prudence in design, formulation and implementation of policies relating to public investment in developing countries.
The implication is that the institutional environment plays a crucial role in the public investment-growth relationship, and moreover, the good one not only promotes economic growth but sets up a helpful effect on this dynamic relationship as well. Therefore, governments in developing countries, especially the Vietnam government, should strongly implement institutional reforms to provide a conducive environment for contribution of public capital and enhancing economic growth. For future research, it will be useful to look at the effect of different public capital spending by sector on economic growth under different institutional environments.
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